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1,2 Dewey valued experience as the source of long-term education over exposure to abstract knowledge, which was made evident by his observation: "We don't learn from experience. We learn from reflecting on experience." 
Data Collection
The surgical clerkship lasted 8 weeks. Four weeks were spent on general surgery and 2 two-week periods on a surgical subspecialty selective. Students were assigned to 1 of 6 online discussion groups. Beginning in week 2, a challenge problem was posted to each group's discussion board. The stem was the same for all groups, but the problem itself was unique for each group. A total of 4 challenge problems were given in 4 consecutive weeks.
Each group asynchronously conversed online to solve the problem and posted their solution to a common discussion board to receive comments from members of the other groups. Each student completed a reflective learning self-assessment survey after submitting their final assignment on each case. In this survey, students were asked to describe their preparation and performance on their first group project by discussing important contributions they made, restating an important idea or explanation expressed by their peers, and recalling engaging times and points of the discussion.
and recertification process. 3 From this perspective, reflection is a critical component of developing expertise in health care professionals, and good learners are considered to be reflective learners. 4, 5 We recognize the value of reflective practices and how crucial these practices are in the development of osteopathic physicians. The purposes of the present study were to (1) determine the types of reflection demonstrated by osteopathic medical students during an on- Center determined that the present study was exempt from full review.
We used a mixed-methods technique to explore evidence of reflection processes through Blackboard (Blackboard Inc), a Web-based learning management system. Participants were third-year osteopathic medical students in a required 8-week clinical clerkship in surgery. All students in the clinical clerkship were included in this blinded retrospective study. Students were assigned to 1 of 6 rotation blocks by computer randomization. They were unaware of the online clerkship curriculum and the present study when block assignments were made until the syllabus for the clerkship was distributed at orientation.
Instruments
Four cases with associated challenge questions were designed, and clinically relevant diagnostic and management tasks of increasing complexity were incorporated into each case for asynchronous discussion. The questions did not have singularly correct answers, but all responses were required to be supported by evidence of
The quantitative analysis included an evaluation of the statements on the reflection tool completed by the students as well as data from the discussion boards.
A total score on the self-reflection tool was calculated by adding the scores on each item across 4 case-based discussion tasks. Also analyzed were the students' total scores for the module according to the published rubric, total messages on the discussion board, and students' group discussion and general discussion counts. The
Pearson product-moment correlation coefficient was obtained to characterize the relationship among these quantitative results.
Results
The study cohort comprised 28 students aged 24 to 36 years, with a median age of 25 years. Of the 28 students, 9 were men and 19 were women. Reflections occurring in the discussion board messages were clustered into 4 main themes as determined by their frequency ( Table 1 ). The incidence of personal reflection was the lowest except for the general discussion in project 1 ( Table 2) . Dialogic reflection consistently maintained lower variances among the 4 projects.
Total Message and
Self-Reflection Scores
Students' total messages on the discussion board for the 4 cases was highly correlated with group discussion and general discussion counts with correlation coefficients of 0.70 (P<.001) and 0.65 (P<.001), respectively. Students' total scores for the module were correlated with the total messages on the discussion board, with a correlation coefficient of 0.56 (P<.001).
Students' total self-reflection scores correlated with the group discussion, with a correlation coefficient of 0.46 (P<.001). The correlation coefficient for the general discussion was 0.19 (P<.1). These data suggest that engagement in the online dialogue was uniformly distributed between group and general discussion elements but was weakly correlated to scores obtained on the reflection tool.
Data Analysis
The discussion board messages provided a rich data resource. A transcript of all messages posted by students in response to the clinical problems was captured from both group and general discussion boards in
Blackboard. The originator of each message was blinded for coding purposes. A detailed systematic analysis using 2 independent methods-manual coding and automated analysis-was applied to interpret the data inductively and deductively. 
NVivo9
The computer program NVivo9 (QSR International Pty Ltd) was used to generate reports and concept maps to describe intensity, trends, and patterns within a narrative of findings. Several steps were taken to prepare the data as files for coding: (1) the data were scanned to gain a sense of the overall content and tone, (2) the nodes were assigned (ie, coding terms) to each message or sentence to reflect themes emerging from the data, (3) the nodes 
Content Reflection
Students focused on the content by providing references, description of a problem, or the details of the patient's medical situation.
Critical content reflection Students questioned assumptions related to the scientific content and development of approaches to problem solving (ie, deconstructing the student's prior assumptions). Critical content reflection also showed a process of analyzing, reconsidering, and questioning experiences in a broad context of issues. Students shared a preliminary analysis of the patient's medical situation and context.
Reference-based Students highlighted specific studies or research with the full citation or hyperlink. (scientific) reflection
Contextual Reflection
Individual students proposed cases and scenarios to capture their peers' attention by illustrating the relevance of the scenarios and a case in real-life situations.
Case-based reflection Students used a case-based scenario to assess and analyze the problem and discuss possible solutions.
Scenario-based reflection Students described a scenario to assess and analyze the present case and identify solutions.
Stimulated reflection 10
Students revealed thoughts and past experiences or memories during the learning process. Students mentioned actual experiences related to the case scenarios that would affect diagnosis and treatment.
Dialogic Reflection
Students created discourse to generate a set of desired outcomes for the case analysis. The language used by students implied further questions or approaches to solve the problem posed in the assignment, which nurtured further discussion or online interaction and thus created an internal and virtual conversation among peers.
Dialogic question-based Students posed questions and shared ideas to generate further conversations among peers and a focused reflection conclusion. Online discussion threads revealed follow-up questions intended to explore additional options, collect more data, generate a diagnosis, and select appropriate treatment to complete the project.
Dialogic self-reflection Students stated personal opinion or experience regarding the diagnosis or treatment with no medical evidence offered.
Dialogic critical reflection Students shared vital information contributing to decision making and enabling the selection of diagnosis and treatment processes that would produce the best outcomes.
Personal Reflections
Students' personal reflections were traced with messages that reflected personal judgment, logical suggestions, values, and opinions, including unfocused or disorganized comments in relation to the assigned group tasks.
Descriptive reflection Students proposed a rationale for the suggested diagnosis or treatment. Students also expressed an enhanced recognition of a rationale for decisions after some feedback or redirection from the instructor.
Process reflection Students moved beyond the details to strategize on the options for data collection, diagnosis, treatment, monitoring progress, or patient well-being.
Mindful reflection Students made logical suggestions articulating transferable insights for patient well-being.
Unfocused reflection 11 Students provided answers that were posted without attempting to understand the case or the patient. The responses were disorganized and illogically expressed in assessing and analyzing the details of the weekly projects.
critical aspects of medical treatment decisions, and other compliance issues (eg, informed consent form).
Although some students specified their most engaging topics during the weekly assignments, their comments also revealed their engagement strategies, such as participating in the discussion board, reading comments, contributing to the continuous flow of ideas and suggestions, looking at cases from multiple perspectives, researching further information after receiving feedback from the group members, and receiving resource links or reference articles posted on the discussion board.
Analysis of the collaboration process to capture group dynamics revealed the following subthemes:
(1) personal opinion, (2) intragroup praise, (3) progress updates, (4) group organization and management, (5) grammar correction, (6) ethics, (7) indirect questions, (8) defensive clarification, and (9) technical or software challenges.
Student Challenges
Some students expressed their frustrations and challenges in assignment deadlines because of their long work hours. They also found difficulties incorporating late comments from group members into the drafts and final version of the assignments. One student suggested spreading out the assignments during the week with different deadlines rather than having all projects due on Sundays. Another student explained that although the projects required a lot of time to complete, they helped students think like physicians, who must make the quickest and best decisions for each patient.
completed all 4 reflection tools reported that they searched the literature beyond the assigned readings to enrich their understanding of the topic covered in the pertinent week. However, in 15 of 68 completed tools (22%), students reported that they could have done a more extensive review of the literature to inform problem solving. In 58 of 68 completed tools (85%), students believed that they wrote thoughtful and meaningful comments for the discussion board activities.
Statistical differences among the 4 discussion projects were not evident. However, sharing ideas and offering suggestions to group members were the students' highest priorities (ie, community building). Of 68 responses, 50 (74%) indicated that students consulted with group members about their ideas during their group collaboration, and 24 of 68 responses (35%) indicated that although questions were posed to group members during that week's case challenge, more interaction could have been generated. Of 65 responses, 18 (26%) indicated that students gave little attention to this element during the reporting period for which the tool was completed.
All students indicated that they demonstrated a positive attitude toward their group members while completing the group tasks.
Group Contribution and Student Engagement
Many students provided important ideas and explanations regarding case discussion assignments for the group work. These ideas and explanations touched on important overlooked medical or surgical information, approached reflection as a form of mental processing and described 5 stages of learning (noticing, making sense, making meaning, working with meaning, and transformative learning), which move from surface learning to deep learning. Moon 13, 14 argued that reflection occurs in the transformative learning stage, facilitating deeper learning. The commonalties of these models 9-14 seem to indicate that reflection is executed either in a hierarchy of stages and levels or in a linear way.
The model examined in the present study may be interpreted as having both a vertical and iterative loop structure ( Figure) . The vertical nature was evident when data analysis detected multiple levels of reflection types.
Some discussions started at a superficial level and then
Complaints about the group work were few and included brainstorming constructive comments, working on the module platform, studying and taking practice questions, and having early exposure to the case discussion.
Overall, students enjoyed their learning experience. mindset among students remains unclear. We need to understand how a reflection tool can be used by students and how evidence of reflection during this type of online education can be captured. It seems that the tool created for the present study enhanced students' metacognitive processes through their self-disclosure statements and offered a framework to interpret how group collaboration created content knowledge, how group members offered deeper insights about the content, and how students regulated their own cognition and group learning skills. Goos et al 17 described 2 types of selforiented statements: (1) self-disclosure statements, which clarify, elaborate, evaluate, and justify one's own thinking, and (2) feedback requests, which invite a peer to critique one's own thinking.
Discussion
Learning community building was very strong in the present study as evidenced by consistency in the use of dialogic reflection. Case-based group discussion activities seemed to increase group interaction, with higher critical thinking skills, intragroup support to each other's learning, group synergy, student engagement, and collective efforts to complete assignments. An effective learning community is that in which all students collaborate to exchange ideas, extract relevant questions from the cases, and reflect on multidimensional case analysis for meaningful learning. 18, 19 Further, effective learning occurs through social interaction and negotiation. 20 The case-based project assignments were an effective way to form a foundation for both individualized reflection as well as collaborative learning. By its nature, therefore, collaborative learning promotes skills in communication and professionalism, which are core competencies of osteopathic medicine.
The present study did have some inherent limitations. 
Conclusion
Reflection is a metacognitive process that reveals our thinking skills and increases self-awareness in learning. In medical practice, reflection is imperative in making accurate judgments and carefully examining experience and knowledge. The development of reflective skills can be encouraged by integrating the deliberate practice of discussion and group-based educational activities into medical education curriculum. The present study provides evidence that we have opportunities to foster high levels of reflection and deep learning in our teaching using a technology-enhanced instructional delivery method. Online instruction as an innovative best practice is conducive to a dynamic and collaborative learning environment that benefits both the instructors and the students.
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